BACKGROUND: Reduction in 30-day readmission rates following hospitalization for acute coronary syndrome (ACS) and acute decompensated heart failure (ADHF) is a national goal. OBJECTIVE: The aim of this study was to determine the effect of a tailored, pharmacist-delivered, health literacy intervention on unplanned health care utilization, including hospital readmission or emergency room (ER) visit, following discharge. DESIGN: Randomized, controlled trial with concealed allocation and blinded outcome assessors SETTING: Two tertiary care academic medical centers PARTICIPANTS: Adults hospitalized with a diagnosis of ACS and/or ADHF INTERVENTION: Pharmacist-assisted medication reconciliation, inpatient pharmacist counseling, low-literacy adherence aids, and individualized telephone follow-up after discharge MAIN MEASURES: The primary outcome was time to first unplanned health care event, defined as hospital readmission or an ER visit within 30 days of discharge. Prespecified analyses were conducted to evaluate the effects of the intervention by academic site, health literacy status (inadequate versus adequate), and cognition (impaired versus not impaired). Adjusted hazard ratios (aHR) and 95 % confidence intervals (CI) are reported. KEY RESULTS: A total of 851 participants enrolled in the study at Vanderbilt University Hospital (VUH) and Brigham and Women's Hospital (BWH). The primary analysis showed no statistically significant effect on time to first unplanned hospital readmission or ER visit among patients who received interventions compared to controls (aHR = 1.04, 95 % CI 0.78-1.39). There was an interaction of treatment effect by site (p = 0.04 for interaction); VUH aHR = 0.77, 95 % CI 0.51-1.15; BWH aHR = 1.44 (95 % CI 0.95-2.12). The intervention reduced early unplanned health care utilization among patients with inadequate health literacy (aHR 0.41, 95 % CI 0.17-1.00). There was no difference in treatment effect by patient cognition. CONCLUSION: A tailored, pharmacist-delivered health literacy-sensitive intervention did not reduce postdischarge unplanned health care utilization overall. The intervention was effective among patients with inadequate health literacy, suggesting that targeted practice of pharmacist intervention in this population may be advantageous.
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INTRODUCTION
Thirty-day readmission rates across the United States following an index admission for acute decompensated heart failure (ADHF) and acute myocardial infarction (AMI) have remained high over the last 10 years with estimated mean risk-standardized readmission rates at 19.9 % for AMI and 24.6 % for ADHF. 1 Payment penalties linked to readmissions have spurred a focus on reducing 30-day readmissions, 2 despite limited data for intervention effectiveness.
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Clinical Trial Registration: clinicaltrials.gov identifier: NCT00632021 Published online February 16, 2016 As patients transition to home following an acute cardiovascular event, they often receive new and complex medication regimens that are critical to achieving disease improvement and stability. [7] [8] [9] Medication-related problems including discrepancies, non-adherence, and adverse drug events contribute to hospital readmissions. 10, 11 At particular risk are patients with low health literacy (defined as the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions) or cognitive impairment, who often have greater difficulty managing medications. 12 The PILL-CVD (Pharmacist Intervention for Low Literacy in Cardiovascular Disease) study was designed to assess the impact of a tailored, pharmacist-delivered intervention on the number of clinically important medication errors following hospital discharge, health care utilization, and quality of life measures. 13 Components of the intervention included pharmacist medication reconciliation, inpatient counseling, low-literacy adherence aids, and individualized telephone follow-up after discharge. While the intervention did not demonstrate an overall reduction in medication errors, individuals with low health literacy or impaired cognition were more likely to derive some benefit.
14 In this follow-up analysis, our aim was to determine if the PILL-CVD intervention had an effect on unplanned health care utilization after hospital discharge and whether this effect was differential by literacy and cognitive status.
METHODS

Study Design and Setting
The PILL-CVD Study was a randomized control trial conducted at two academic medical centers-Vanderbilt University Hospital (VUH) in Nashville, Tennessee, and Brigham and Women's Hospital (BWH) in Boston, Massachusetts. Study participants were enrolled in the hospital between May 2008 and September 2009. Participants were randomly assigned to usual care or intervention, and followed for 30 days after discharge. Full details of the PILL-CVD rationale and methods are described elsewhere. 13 The study was approved by the Vanderbilt University Institutional Review Board and the Partners Human Research Committee.
Participants and Enrollment
We recruited patients aged 18 and older that were hospitalized for acute coronary syndromes (ACS) and/or acute decompensated heart failure (ADHF), as determined by medical record review conducted by a physician using standard criteria. 15, 16 Key exclusion criteria consisted of severe cognitive impairment (i.e., moderate or severe dementia) or altered mental status, unstable psychiatric illness, inability to communicate in English or Spanish, hospice care, or otherwise being too ill to participate in the baseline interview. Additionally, patients were excluded if they were enrolled in another medication management program, were to be discharged within 3 hours of screening, did not self-manage their medications, or were to be discharged to a location other than home. All participants were enrolled by study research assistants. To avoid biased enrollment, the order in which patients were approached to participate was randomized each day. Termination of the study occurred following complete enrollment and follow-up of the target sample study size.
Baseline Assessment
After obtaining informed consent, participants completed a series of interviewer-administered measures. Sociodemographic information including age, gender, self-reported race, marital status, insurance status, prior hospital admissions, and primary care provider (PCP) was collected.
The 36-item short form of the Test of Functional Health Literacy in Adults (s-TOFHLA) was administered as an objective measure of health literacy. 17 Scores can range from 0 to 36, with higher scores indicating higher health literacy. To assess cognitive impairment, we administered the miniCog, 18 which features assessment of delayed recall and executive function. The measure is scored on a scale of 0-5, where a score of 0-2 indicates cognitive impairment. The four-item Morisky instrument measures pre-hospital medication adherence. 19 Scores range from 2-8, with higher scores indicating greater adherence to the medication regimen. After discharge, the hospital length of stay (LOS) and the number of discharge medications were recorded from the electronic medical record.
Randomization and Intervention
Participants were randomly assigned to receive usual care or intervention in a 1-to-1 ratio. The randomization sequence was computer-generated in permuted blocks of 2-6 patients and was stratified by patient diagnosis and study site. Assignment was managed by a computer program that maintained concealment of treatment allocation and by one unblinded research coordinator at each site who did not play a role in outcome assessment. All investigators, outcome assessors, and biostatisticians were blinded to treatment assignment.
Usual care was in accordance with the Joint Commission requirements. At each hospital, the nurses, pharmacists, and physicians involved in the patients' care performed medication reconciliation and counseling. Post-discharge follow-up calls were not routinely performed in the usual care group.
The study intervention consisted of four specific components. First, pharmacists reconciled preadmission medications and discharge medications with the patient and reported any inconsistencies to the medical team, prior to hospital discharge. Second, the pharmacist provided tailored counseling, which included assessing patient understanding of the medication regimen, barriers to medication adherence, and troubleshooting barriers while the patient was in the hospital. Third, at discharge, the pharmacist provided additional counseling, an illustrated medication schedule showing the discharge regimen, and a pillbox, which the patient practiced filling. The pharmacist also employed a teach-back technique to ensure patient understanding. Finally, within four days after hospital discharge, study coordinators contacted the patients and inquired about general health, symptoms, and any medicationrelated problems such as regimen confusion, non-adherence, or side effects. If issues were detected, the study coordinator contacted the pharmacist to provide those patients reinforcement education and to resolve problems.
Unplanned Hospitalizations and ER Visits
The primary outcome for this analysis was first unplanned health care utilization. This was defined as a composite of first unplanned hospital readmission or ER visit within 30 days after discharge. ER visits that resulted in hospitalization were classified as hospital readmissions. Secondary outcomes included each individual outcome (first unplanned hospital readmission or ER visit). Outcomes were assessed based on a follow-up telephone call with the patient by research staff at approximately 30 days after discharge and by examination of all available medical records. Records were collected from study sites as well as outside facilities.
Statistical Analyses
The primary analyses evaluated the time to the composite outcome analyzed on an intention-to-treat basis. Individuals who withdrew consent or died during their hospital stay were excluded.
Sample size was calculated based on the primary outcome of the study design (number of clinically important medication errors per patient), and we determined that 862 patients would permit detection of a 30 % reduction in the primary outcome. 13 The association between intervention and time to first unplanned health care event (hospital readmission or ER visit) was examined using unadjusted and multivariable Cox proportional hazards regression models, and cumulative incidence plots were generated. Models were adjusted for site, age, sex, race (white, non-white), marital status (married/cohabitation, single/living alone), insurance type, presence of PCP, cognitive status, diagnosis (ACS, ADHF, both), length of stay, number of discharge medications, presence of prior hospitalizations and Morisky score (baseline medication adherence). To avoid casewise deletion of records with missing covariates, we employed multiple imputations with five imputation datasets via predictive mean matching. 20 Less than 1 % of all variables were missing across the dataset. Violations of the proportional hazards assumption were checked graphically.
In addition, as proposed a priori, interaction and sub-group analyses were performed to assess whether the treatment effect was modified by study site, health literacy category, and cognitive status, separately. 13 Interaction was evaluated by including a cross-product term (treatment group x each of those variables) in the multivariable Cox proportional hazards regression models. If a significant interaction was detected, a stratified multivariable Cox model was performed.
Statistical significance was determined using a two-sided 5 % significance level (P < 0.05). All of the statistical analyses were performed using R studio, version 3.1.1 (R Development Core Team, Vienna, Austria). (Fig. 1) .
RESULTS
Participant Selection and Characteristics
The majority of patients were male (59 %) and diagnosed with ACS (61 %); the median age was 60 years, interquartile range (IQR) 51-70 (Table 1) . Of particular note, 10 % of the sample had inadequate health literacy, 9 % had marginal, and 81 % had adequate health literacy. There was a high prevalence of chronic comorbidities, and approximately 30 % of individuals had been admitted to hospital in the 12 months before the index hospitalization.
Primary Outcome: Time to First Unplanned Health Care Event
There were 189 individuals (97 intervention, 92 usual-care) who reached the primary composite outcome of time to unplanned health care utilization during the 30 days following discharge. Analysis of time to first health care event did not show a statistically significant difference between intervention and usual-care patients, adjusted HR = 1.04 (95 % CI 0.78 -1.39) ( Table 2 , Fig. 2 ).
Secondary Outcomes: Readmission or ER Visit Within 30 Days
The secondary outcome of time to either hospital readmission or ER visit demonstrated no statistically significant difference between intervention and control groups. The adjusted HR for unplanned hospital readmission was 0.94 (95 % CI 0.63-1.28) and the adjusted HR for ER visits was 1.03 (95 % CI 0.76-1.39) ( Table 2) .
Stratified Analyses
The effect of the intervention on the primary outcome differed when stratified by site (VUH aHR = 0.77, 95 % CI = 0.51-1.15; BWH aHR = 1.44, 95 % CI 0.95-2.12), but remained non-significant. Analyses of the secondary outcomes stratified by site were consistent with the main results. There was a significant interaction of treatment effect with patients' health literacy level (p = 0.03 for interaction term). The intervention reduced early, unplanned health care utilization among patients with inadequate health literacy (aHR = 0.41, 95 % CI 0.17-1.00), but not among patients with adequate health literacy (aHR = 1.07, 95 % CI 0.77-1.48). This effect appeared to be associated with a reduction in early ER visits among those intervention patients with inadequate health literacy (aHR = 0.29, 95 % CI 0.11-0.78, P = 0.01). There was no evidence for an interaction of treatment effect by cognitive status (P = 0.16) (Fig. 3) .
DISCUSSION
In this randomized, controlled trial assessing the impact of a tailored, pharmacist-delivered intervention on unplanned health care utilization in the 30 days following hospital discharge, we found no significant difference in the primary outcome of time to first hospital readmission or ER visit. This health literacy-sensitive intervention was effective in reducing unplanned health care utilization among individuals with inadequate health literacy, primarily through an effect on ER visits; this may represent adverse events serious enough to require medical care, but not severe enough to warrant readmission. A differential effect of intervention was also seen by study site, with individuals enrolled at VUH deriving more benefit than those at BWH.
The lack of effect of the intervention overall may reflect the higher than expected literacy levels of our patient population and may also reflect the already high standard of transitional care at these two hospitals. The study was powered to detect a 30 % reduction in the primary outcome of Bnumber of clinically important medication errors per patient^; however, smaller changes in medication errors or resulting health care utilization may have been missed. Our intervention may also have been limited by the use of non-clinical personnel making the initial post-discharge phone call (done to save costs of future broad-based interventions) and the lack of engagement of post-discharge providers in the intervention. Furthermore, the intervention focused on medication-related problems, which are an important cause of unplanned post-discharge health care utilization, but are by no means the only cause. Interventions that have been successful in reducing readmission rates tend to be multifactorial in nature. 3, 5, 6, 21 While one meta-analysis found no consistent pattern of specific interventions on the efficacy of transitional interventions, 4 a more recent study found that the more domains of an Bideal transition in care^2 2 that were included in the intervention, the more effective it was in reducing readmissions. 23 Especially important were domains of monitoring and managing symptoms after discharge, enlisting the help of social and community supports, and educating patients to promote self-management.
This educational intervention may have been successful in reducing health care utilization in patients with low health literacy for several reasons. Our intervention provided patient counseling in a low-literacy-friendly manner and sought to bridge a knowledge gap. On average, individuals with lower health literacy often face barriers to understanding the details of safe medication use after discharge and navigating the health care system due to gaps in knowledge, cultural, or educational barriers. This gap may result in medication nonadherence that tends to be unintentional among adults with inadequate health literacy as compared to adults with adequate health literacy. 24 As we have previously reported, 5.4 % of all patients have an ED visit or are readmitted for medicationrelated issues, 14 so the closing of this gap may be enough to improve outcomes for this population. On the other hand, patients with adequate health literacy may have fewer barriers to safe post-discharge medication use, or their barriers may be related to attitudes and skills more than knowledge. These deficits may be more difficult to address and require additional forms of intervention. For example, they may require patient coaching, 5 or more intensive monitoring and management of symptoms through patients' usual sources of care.
Reasons why cognitive function was not an important effect modifier are less clear. Importantly, to participate in the study and informed consent process, patients needed to have relatively intact cognition; patients with moderate or severe dementia were excluded. Those classified as having cognitive impairment in this sample had relatively mild impairment and the effects of caregivers to help with post-discharge care were not assessed in this analysis.
Site differences in the efficacy of the intervention may be multifactorial. The organization of care at the two hospitals was slightly different. BWH has been conducting studies to improve medication reconciliation for years [25] [26] [27] and has fairly robust pharmacist involvement at baseline, such that the incremental benefits of this intervention may have been less. In addition, BWH was a site for implementation of pilot accountable care organization (ACO) that began prior to study enrollment. The patient populations, providers, and health care systems at the two sites are also different in additional ways that were not measured. For example, a greater portion of the patients at Vanderbilt are referred in, live in rural areas, and may have had a different level of access to post-discharge care, and as a result may have benefited more from the additional transitional care services.
The results of this study should be viewed in light of its limitations. First, the study was conducted at two academic medical centers where ongoing, and possibly competing, initiatives to reduce hospital readmissions may have reduced the effect of the intervention and the generalizability of the outcome. Second, the finding that the intervention had a differential affect between sites may also suggest that the impact of the intervention may vary across different health care systems with disparate transitional processes of care. The study was powered to demonstrate an overall effect of the intervention regardless of site but not to specifically examine the differential outcomes at BWH and VUH. This does, however, leave open the possibility that although the intervention may not be effective at some hospitals, it may produce a meaningful reduction in health care utilization at others. Future work should look to examine these possibilities in more detail. Finally, the intervention was limited to patients with active cardiovascular disease, so it may not influence care across other disease processes. Care coordination and patient education initiatives, especially prevalent in heart failure programs, may have provided a more robust standard of post-discharge care that may not be available to individuals discharged with alternative primary diagnoses. Additionally, the number of medications and additional confounders specifically affecting subsequent health care utilization following an acute cardiovascular event may not be applicable to all patients discharged from the hospital. The study has several implications. Hospital-based interventions to improve medication reconciliation and patient knowledge at discharge may have limited efficacy to reduce readmission rates for all patients with CVD. They may be useful among patients, however, with low health literacy. Health literacy stratification may allow sites to focus limited pharmacist resources on those patients most likely to benefit. Screening health literacy levels as part of a standard patient intake evaluation would facilitate this stratification. 28 Finally, to have a robust effect on post-discharge health care utilization, medication safety interventions may need to be part of multifactorial interventions that focus on several domains of transitional care.
